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0 Method for recovering hydrocarbon vapor. 



0 A method for recovering hydrocarbon vapor 
wherein permeable mixed gases (20) of high con- 
centration hydrocarbon vapor and the residual mixed 
^ gases (18) of low concentration hydrocarbon vapor 
^are separated, through gas separation membrane 
2 (16). from initial mixed gases (10) containing hy- 
lOdrocarbon vapor followed by absorption of hydrocar- 
j^bon from the pemieable mixed gases (20), and a 
5* method for recovering hydrocartDon vapor wherein 
CM initial mixed gases (10) containing hydrocarbon va- 
Qpor are brought into contact with liquid absorbent 
(27) to recover hydrocarbon vapor, and gases of 
^high concentration hydrocarbon vapor and gases of 
low concentration hydrocarbon vapor are' separated, 
through gas separation membrane (i 6). from treated 



gases (46) from which hydrocariDon vapor has been 
absorbed in the proceeding process. 
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Method for Recovermg Hydrocarbon Vapor 



1 



The present invention relates to a method for 
recovering hydrocarbon vapor from rriixsd 9^^^^* 
and more particularly to a method for recovering 
hydrocarbon vapor by absorbing hydrocarbon va- 
por by means of a liquid absorbent 

Mixed gases containing hydrocarbon, which 
are generated when a storage tank, a tanic truck or 
a tank wagon is filled with volatile hydrocarbon 
liquid, for example, gasoline, kerosene and various 
classes of alcohol, have been conventionally left 
released to the air. Mixed gases containing hy- 
drocarbon, which evaporates from a storage tank 
when air temperature rises, has also been emis- 
sioned to the air. These emission gases are recog- 
nized as one of the most serious causes of air 
pollution as substance forming photochemical 
smog. In some local governments exhausting con- 
centration of hydrocarbon is regulated. 

Among methods of recovering volatile hydro- 
carbon vapor from these mixed gases, there are 
absorption process, adhesion process and low tem- 
perature processing method. Generally, various ab- 
sorption methods at normal temperature and pres- 
sure are mostly practiced. 

Japanese Examined Patent Publication 
(KOKOKU) No. 39785/77, for example, discloses a 

method wherein: 

(a) Gasoline vapor is absorbed by a non- 
volatile organic liquid absorbent of petroleum at 
normal temperature: 

(b) The liquid absorbent is transferred to a 
recovering column, wherein the gasoline vapor is 
separated from the liquid absorbent at the pressure 
reduced to approximately 25 Torr by means of a 
vaccum pump, the liquid absorbent being recov- 
ered; and 

(c) The separated gasoline vapor is ab- 
sorbed by liquid gasoline for recovery. 

US Letters Patent Mo. 4043769 describes an- 
other method wherein: 

(a) Mixed gases containing gasoline vapor is 
increased in pressure by a gas-compressor and a 
greater part of gasoline vapor is recovered through 
absorption thereof by liquid gasoline; 

(b) The gasoline vapor remaining in the 
mixed gases is absorbed in non-volatile organic 
liquid absorbent of petroleum; 

' (c) Gasoline vapor is separated and recov- 
ered from the liquid absortjent at the pressure 
reduced to 125 Tonr by means of a vaccum-pump; 
and 

(d) The gasoline vapor recovered in (c) is 
returned to the entrance of the gas-compressor. 



Those above mentioned methods, however, are 
disadvantageous in that the absorption and recov- 
ery process is complicated. Consequently, the op- 
eration as well as the equipment system cannot be 
5 simplified. In other words, in addition to equipment 
for process of absorption and. recovery by using 
liquid gasoline, an absorption column using non- 
volatile organic liquid of petroleum, a recovery col- 
umn and auxiliaries, for example, a circulation- 
70 pump and a vaccum-pump are required. 

It is an object of the present invention to pro- 
vide a method for recovering hydrocarbon vapor 
from mixed gases containing hydrocarbon vapor 
more economically by using more simplified equip- 
75 ment and process. 

In accordance with the present invention, a 
method is provided to recover hydrocarbon vapor, 
which comprises the steps of: 

Separating permeable mixed gases of high 
20 concentration hydrocarbon vapor and residual 
mixed gases of low concentration hydrocarbon va- 
por, through gas separation membrane, from initial 
mixed gases containing hydrocarbon vapor; and 
bringing said permeable mixed gases of high 
25 concentration hydrocarbon vapor into contact with 
liquid absorbent in an absorption column to absorb 
hydrocarbon. 

Furthermore, a method is provided for recover- 
ing hydrocarbon vapor which comprises the steps 
30 of: 

bringing initial mixed gases containing hydrocar- 
bon vapor into contact with liquid absorbent in an 
absorption column to absorb hydrocarbon vapor; 
separating permeable mixed gases of high 
35 concentration hydrocarbon vapor and residual 
mixed gases of low concentration hydrocarbon va- 
por, through gas separation membrane, from treat- 
ed mixed gases from which hydrocarbon vapor has 
been absorbed in the preceeding step; and 
40 returning said permeable mixed gases, to be 

mixed with said initial mixed gases. 

The other objects and advantages of the 
present invention will become apparent from the 
detail description to follow taken in conjunction with 
45 the drawings appended. 

Rg. 1 is a schematic diagram showing an 
embodiment of equipmerrt for a method for re- 
covering ' hydrocarbon vapor according to the 
present invention; and 
50 Fig. 2 is a schematic diagram showing an- 

other embodiment for a method for recovering hy- 
drocarbon vapor according to the present invention. 

Referring to the drawings, a method for re- 
covering hydrocarbon vapor will now be described. 
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Fig. 1 diagrcinmgticaily illustrates an embodi- 
ment of equipment according to the present Inven- 
tion. Initial mixed gases 10 containing hydrocarton 

rCti^^i lo ti <v«« cooov^ 111. pi cooui cr k>y ut\jrr^i i i, 

lowed . by being mixed with return gases 32, re- 
cycled from absorption column 24, which is specifi- 
cally explained later. Rom these mixed gases 13 
composed of the inrtiaf mixed gases and the return 
gases» mist and dust are removed through . filter 
separator 14 to form clean mixed gases 15. which 
are sent to gas separation membrane 1 6. 

That is to .say. from th& clean gases, hydrocar- 
bon vapor having molecular weight comparatively 
large enough to permeate through the gas separa- 
tion membrane are separated, while the residual 
gases 18 having hydrocarison concentration of 5% 
or less by volume are released to the atmosphere. 
Permeable mixed gases 20 of high concentration 
hydrocarbon vapor, thus separated through the gas 
separation membrane, are sucked by vaccum- 
pump 22, subsequently increased in pressure and 
transferred to absorption column 24. in this em- 
bodiment pressure of the suction side of the gas 
separation membrane is reduced to and kept as 
less than the atmospheric pressure (760 Torr). Liq- 
uid absorbent 27 is supplied through the top of 
absorption column 24. Mixed permeable gases 20, 
introduced into the absorption column through the 
bottom of the absorption column, contacts directly 
with liquid absorbent 27, while the mixed perme- 
able gases are ascending through filers in the 
absorption column. In order to increase efficiency 
in recovering hydrocarbon vapor^ the operation in 
the absorption column is recommended to be car- 
ried out at a pressure of slightly higher than the 
atmospheric pressure (760 Torr), since mixed per- 
meable gases 20 contain air. Liquid absorbent 28 
having absorbed hydrocarbon vapor is returned to 
liquid absorption tank by return-pump 30. Retum 
gases 32 containing slightly hydrocarbon vapor, is 
retum to the point just before filter separator 14 to 
be recycled. In this embodiment, if a pressure of 
mixed gas is raised upto a level of several 
kg/cm2«G by a gas-compressor in place of blower 
1 1 , a pressure of mixed permeable gases 20, sepa- 
rated through gas separation membrane 16, is 
raised to a level of the atmospheric pressure (760 
Torr) or more and retum gases 32 are returned, to 
the suction side of the gas compressor, then, 
equipment . for the embodiment can be simplified 
since vaccum-pump 22 is not required. As gas 
separation membrane 16, those having permeabil- 
ity of hydrocartxsn vapor in speed larger than that ' 
of air. for example, silicon rubbur. acrylonitrile- 
butadien or polyvinyl chloride substance are prefer- 
able. 



The present invention will be understood more 
readily with the following examples; however, these 
examples are intended to illustrate the present in- 
vention and are not to be construed as limiting the 
scope thereof. 



Example 1 



TO In this operation of an example of the present 

invention, initial mixed gases 10 consisted of 35% 
gasoline vapor and 65% iair by volume. 

The initial mixed gases of 400 NmVH and 
retum gases 32. recycled from absorption column 
76 24, of 50 Nm^H were mixed to form mixed gases 
13 of 450 Nm^/H. From mixed gases 13, mist and 
dust were removed through filter separator 14. and 
the mixed gases became clean mixed gases 1 5, . 
From the clean mixed gases, hydrocarbon vapor 
20 was separated through gas separation membrane 
16, and residual gases 18, having hydrocarbon 
concentration of 5% or less by volume, were re- 
leased to the air. Mixed permeable gases 20, thus 
having passed through the gas separation mem- 
25 brane, of approximately 80% concentration hydro- 
carbon vsipor, were sucked in by vaccum-pump 22 
at a pressure of about 44 mm/Wg. subsequently 
increased in pressure and introduced into absorp- 
tion column 24. The permeable mixed gases as- 
30 cended through filers tn the absorption column 
wherein the operation was cam'ed out at a pressure 
of 1 kg/cm3 Q. During the ascend, the permeable 
mixed gases contacted with liquid gasoline, as liq- 
uid absorbent, supplied into the absorption column 
35 through the top of the absorption column. The 
gases contained about 14% gasoline vapor,, which 
was not absorbed. The gases, as retum gases 32, 
were to be mixed with the initial mixed gases for 
recycling. In this example, gases of explosive na- 
40 ture, although used in the operation, were quite 
successfully treated at the normal pressure. 

Secondly, with reference specitically to the Rg. 
2 of the drawing, another example of a method for 
recovering hydrocarbon vapor according to the 
45 present invention will now be described . 

Initial mixed gases 1 0 together with return gas- 
es 52, which described later, were increased in 
pressure to 2 to 3 kg/cm^ by means of gas com- 
pressor 42 and conveyed to absorption column 24. 
so Liquid absorbent 27 is supplied through the top of 
the absorption column. Mixed gases 44 introduced 
through the bottom of the absorption column, con- 
tact directiy with liquid absorbent 27, while ascend- 
ing within the absorption column. Hydrocarbon va- 
55 por contained in mixed gases 44 Is absorbed in the 
liquid absorbent. The liquid absorbent, having ab- 
sorbed thus hydrocarbon vapor, stays at the bot- 
tom of the absorption column and is returned to a 
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liquid absorbent tank by retum-pump 30. Treated 
mixed gases 46 drawn out through the top of 

absorption column 24 is conveyed to gas separa- 

•<«OP«u».»soe? "1 C etnr^ta frooroH mrvoH nacoc 4P 

contain 10% or more hydrocarbon vapor. Hydro- 5 
carbon vapor contained in treated mixed gases 46 
is passed through gas separation membrane 16 by 
means of reducing to 150 Torr the pressure on the 
suction side of the gas separation membrane, be- 
ing transferred, as return gas 52, to be mixed io 
together with initiai mixed gases 10. Hydrocarbon 
vapor is preferentially passed through the gas sep- 
aration membrane, and the discharge residual gas- 
es 48 whose concentration of hydrocarbon vapor 
has been reduced to 5% or less, is released to the 75 
air. The return gases having passed through the 
gas separation membrane are sucked by vaccum- 
pump 50, increased in pressure on the suction side 
and, furthermore, compressed by gas-compressor 
50. 20 



Example 2 

In this operation of another example of the 25 
present invention, initial gases 10 consisted of 35% 
gasoline vapor and 65% of air by volume. 

The initial gases of 400 Nm^/H and return 
gases 52 of 40 Nm3/H were mixed. The mixed 
. gases of 440 Nm^/H were increased to a pressure 20 
of 2.5 kg/cm^ G by gas-compressor 42 and con- 
veyed to absorption column 24. in the absorption 
column, mixed gas 44 contacted directly with liquid 
gasoline as liquid absorbent 27 supplied through 
the top of the absorption column, and gasoline 35 
vapor contained in mixed gases 44 was recovered 
in the state of the liquid gasoline. The liquid gaso- 
line was retumed to a gasoline tank by means of 
return-pump 30. Mixed gases 46 drawn out of the . 
absorption column contained 12% gasoline vapor 40 
and were transferred to gas separtion membrane 
16. composed of silicon rubber substance. Gaso- 
line vapor was selectively passed through the gas * 
separation membrane to the suction side thereof to 
form mixed gases of 45% hydrocarbon vapor by 45 
volume. The mixed gases, as return gases 52, 
were transferred, by vaccum-pump 50, to be mixed 
with the initial mixed gases. In this example. 85% 
or more of gasoline vapor was successfully recov- 
ered from initial mixed gases containing gasoline. so- 
vapor. - - - 

As explained in Examples 1 and 2, the present 
invention enables hydrocarbon vapor to efficiently 
be separated and recovered from mixed gases 
containing hydrocarbon vapor. This method simpli- 55 
ties effectively equipment system as well as pro- 
cess of absorption and recovery and, thus, contri- 
butes greatly to commercial production. . 



Claims 

1. A method for recovering hydrocarbon vapor, 
which ccrr.'^ rises the steps of! 

bringing said permeable mixed gases (20) of 
high concentration hydrocarbon vapor into contact 
with liquid absorbent (27) in an absorption column 
(24) to absorb hydrocarbon; 

characterized by comprising separating per- 
meable mixed gases of high concentration hydro- 
carbon vapor and residual mixed gases (18) of low 
concentration hydrocarbon vapor, through gas sep- 
aration membrane (16), from initial mixed .gases 
(10) containing hydrocarbon vapor. 

2. A method according to claim 1. character- 
ized by further comprising the additional step of 
returning return gases (32) containing hydrocarbon 
vapor, which has. not been absorbed in said liquid 
absorbent to be mixed with said initial mixed gas- 
es, thereby said return gases being recycled. 

3. A method according to claim 1 or 2, char- 
acterized by further comprising the additional step 
of removing mist and dust from said initial mixed 
gases through filter separator (14). 

4. A method according to claim 1, 2 or 3, 
characterized by further comprising the additional 
step of releasing said residual gases to the air. 

5. A method according to any one of claims 1 
to 4, characterized in that said initial mixed gases 
Include mixed gases of air and hydrocarbon vapor. 

6. A method according to any one of claims 1 
to 5, characterized in that said hydrocarbon vapor 
contained in said initial mixed gases are at least 
one selected from the group consisting of gasoline 
vapor, kerosene vapor, benzene vapor and alcohol 
vapor. 

7. A method according to any one of claims 1 
to 6, characterized in that said step of separating 
permeable mixed gases through gas separation 
membrane includes keeping a pressure of the 
pass-out side of said gas separation membrane the 
atmospheric pressure (760 Torr) or less. 

8. A method according to any one of claims 1 
to 7, characterized in that said step of separating 
permeable mixed gases through gas separation 
membrane includes increasing pressure of said 
permeable mixed gases before passing through 
said gas separation membrane and maintaining a 
pressure of the pass-out side of said gas separa- 
tion membrane the atmospheric pressure. (760 
Torr) or-more. 

9. A method according to any one of claims 1 
to 8, characterized in that said gas separation 
membrane is at least one selected from the group 
consisting of silicon, acrylonitrile-butadlene and 
polyvinyl chloride. 
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10. A method according to any one of claims 1 
to 9, chHracterized in that said step of absorbing 
hydrocarbon vapor includes a step of bringing said 

column through the bottom of the absorption col- s 
umn, into contact with said liquid absorbent, sup- 
plied into the absorption column through the top of 
the absorption cofumn. 

1 1 . A method according to any one of claims 1 

to 10, characterized in that said liquid absorbent is ip 
liquid of hydrocarbon. 

12. A method according to claim 11. character- 
ized in that said liquid of hydrocarbon Is at least 
one selected from the group consisting of liquid 
gasoline, liquid kerosene, liquid benzene and liquid 75 
alcohol. 

13. A method for recovering hydrocarbon vapor 
which comprises the steps at 

bringing initial mbced gases (10) containing 
hydrocarbon vapor Into contact with liquid absor- 20 
bent (27) in an absorption column (24) to absorb 
hydrocarbon vapor; and 

returning said permeable mixed gases (52) to be 
mixed with said initial mixed gases; 

characterized by comprising separating per- 25 
meable mixed gases of high concentrafion hydro- 
carbon vapor and residual mixed gases (48) of low 
concentration hydrocarbon vapor, through gas sep- 
aration membrane (16). from treated mixed gases 
(46) from which hydr9carbon vapor has been ab- 30 
sorbed in the preceeding step. 

14. A method according to claim 13, character- 
ized by further comprising the additional step of 
releasing said residual mixed gases of low. con- 
centratiori hydrocarbon vapor. 35 

15. A method according to claim 13 or 14. 
characterized in that said initial mixed gases in- 
clude mixed gases of air and hydrocarbon vapor. 

16. A method according to 'claim 13, 14 or 15, 
characterized in that said hydrocarbon vapor is at '40 
least one selected from the group consisting of 
gasoline vapor, kerosene vapor, benzene vapor and 
alcohol vapor. 

17. A method according to any of claims 13 to 

16, characterized in that said step of separating 4S 
penmeable mixed, gases of hydrocarbon vapor in- 
cludes keeping a pressure of the pass-out side of 
said gas separation membrane the atmospheric 
pressure (760 Ton-) or less. 

1 8. A method according to any one pf ciaims 50 
13 to 17. characterized in that said gas separation 
membrane is at least one selected from the group 
consisting of silicon, acrylonitrile-butadien and 
polyvinyl chloride. 

19. A method according to any one of claims ss 
13 to 18, characterized in that said step of absorb- 
ing hydrocarbon vapor includes bringing said per- 
meable mixed gases, introduced into the absorp- 



tion column through the bottom of the absorption 
column, into contact with said liquid absorbent, 
supplied into the absorption column through the 

20. A method according to any one of claims 
T3 to 19. characterized in that said liquid absorbent 
is liquid of hydrocarbon. 

21 . A method according to claim 20, character- 
ized in that said liquid of hydrocarbon Is at least 
one selected from the group consisting of gasoline 
liquid, kerosene liquid, benzene liquid and alcohol 
liquid. 
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